Purpose of Review Introduction of combination antiretroviral therapy (ART) has increased the life expectancy of patients with HIV infection, allowing them to live longer with this chronic medical condition and consequently experiencing conditions such as cardiovascular diseases (CVDs). Several studies have investigated the increased risk of CVD in people living with HIV (PLWH). However, less is known about the exact mechanisms involved in this increased risk. Also, specific guidelines for management of CVD in PLWH have not been developed yet. In this article, we review the recent literature on the mechanisms involved in pathogenesis of CVD in PLWH, with an emphasis on coronary artery disease (CAD). Recent Findings Although initial studies suspected the increased prevalence of traditional CVD risk factors and side effects of ART to be involved in the increased CVD risk in PLWH, recent studies have uncovered the important role of chronic persistent inflammation in this increased risk. In addition, biomarkers of inflammation have been associated with both CVD events and subclinical CAD in this population. Lastly, recent studies and ongoing clinical trials have been investigating medical interventions that aim to reduce inflammation and cardiovascular events. Summary Different mechanisms of inflammation have been examined in PLWH, including subclinical viremia, microbial translocation, and coinfection with other pathogens such as cytomegalovirus. Although inflammatory biomarkers have been consistently associated with CVD and subclinical CVD outcomes, their prognostic value is unknown. Recent and ongoing trials are exploring the benefits of anti-inflammatory drugs, statins, and antimicrobial translocation drugs on both inflammation and CVD risk among PLWH.
Introduction
HIV infection is a major public health problem, affecting 36.7 million people worldwide in 2015 [1] . With the advent of antiretroviral therapy (ART), the portrait of HIV infection has changed from a fatal disease to a chronic medical condition, especially in countries with wide access to ART [2] . If ART is started early enough, life expectancy of a 20-year-old HIV+ was 69 years in 2006-2007 [3] and can be projected to be even higher now. Thus, people living with HIV (PLWH) now live long enough to face conditions that were traditionally seen in the elderly, such as cardiovascular disease (CVD) [4] . In high-income countries, CVD is the second non-AIDS cause of death in people living with HIV infection, and it is a significant contributor to non-AIDS deaths in developing and subThis article is part of the Topical Collection on Coronary Heart Disease Saharan countries [5] [6] [7] . Studies have shown that HIVinfected individuals are at higher risk of several cardiovascular abnormalities, such as coronary artery disease (CAD) [8, 9] , heart failure and heart failure admission [10] , subclinical atherosclerosis of coronary [11] [12] [13] and carotid arteries [8, 14, 15] , global and regional left ventricular (LV) systolic function [16] , LV diastolic dysfunction [16, 17] , myocardial fibrosis and steatosis [9, 18] , pulmonary hypertension [19] , stroke [20] , atrial fibrillation [21] , and sudden cardiac death [22] . However, the mechanisms contributing to these increased risks are not well understood.
This paper and the companion article published in the same issue of journal [23] review the current state of knowledge about increased risk of CVD in people living with HIV infection with a special focus on possible mechanisms. Although several cardiovascular abnormalities are common in PLWH, CAD is more widely studied. This paper focuses on the risk of CAD in PLWH, and the relationships of HIV infection with other cardiovascular diseases (other than CAD) are summarized in the companion article [23] . The role of chronic inflammation in the pathogenesis of CVD in this population has emerged to be important, especially considering the complex immunological nature of HIV infection that includes both immune depletion and immune activation. Since CAD is more widely studied, the detailed discussion of mechanisms is provided for increased risk of CAD in PLWH. Nonetheless, some of the explained mechanisms can be applied to other CVD as well. This review attempts to focus on virologically suppressed patients on ART; although, this may not be possible for all CVD outcomes, given the paucity of available data in the literature. Therefore, AIDS-related cardiovascular complications are beyond the scope of this paper.
Coronary Artery Disease
Several studies have shown the increased risk of clinical CAD in PLWH [24] . Overall, it is estimated that PLWH are at 1.5-to 2-fold higher risk of CAD compared to individuals without HIV (HIV−) [25] . Therefore, HIV infection could be considered as important as some of the traditional risk factors of CAD, such as diabetes and smoking, may aid in risk stratification and decision making in clinical practice.
Since studying clinical CAD events requires large studies, measures of subclinical atherosclerosis are increasingly used in recent studies as surrogates for subclinical CAD [26] . Specifically, coronary artery calcification (CAC) detected by non-contrast cardiac computed tomography (CT) has been used generally as a proxy measure of subclinical CAD in large cohort studies in general population. Although PLWH have been reported to have increased risk of subclinical atherosclerosis in the carotid artery [8, 14, 15, 27] , studies using CAC as a measure of subclinical CAD have been inconclusive [11] [12] [13] . However, recent studies using contrast-enhanced coronary CT angiography (CTA) have shown that HIV+ patients have higher risk of subclinical coronary stenosis, presence of any atherosclerotic plaques, and presence of noncalcified plaques [28•] .
Pathogenesis
The exact mechanisms for the increased risk of CAD in PLWH are not well understood. Initially, a higher prevalence of traditional risk factors such as smoking, lipid abnormalities, and substance abuse drew a lot of attention [29] [30] [31] . Initial research also focused on the effect of ART, particularly because of reported positive associations between lipid dystrophies and some ART medications [32••, 33] . However, more recent studies indicate that chronic inflammation plays a key role in pathogenesis of CAD in PLWH [27] . Here, we briefly review traditional risk factors and ART and then discuss the role of inflammation in more detail.
Traditional Risk Factors
Earlier investigations postulated that the excess in CVD risk among PLWH was due to a higher frequency of traditional risk factors for CVD among PLWH [29] [30] [31] . Dyslipidemia, insulin resistance, and fat redistribution (decrease in subcutaneous fat and increase in visceral fat) [6] , as well as smoking [34] , are more prevalent in PLWH. In Lang et al.'s review of the prevalence of cardiovascular risk factors in PLWH in developed countries and their comparisons with uninfected individuals, smoking, lower high-density lipoprotein cholesterol, higher low-density lipoprotein cholesterol, high triglycerides, hypertension, and cocaine use were listed as traditional risk factors found to be more common among PLWH [7] . In addition to this higher prevalence of traditional risk factors in PLWH, some of these factors may affect HIV+ patients differently and HIV+ patients with the same risk factor profile have higher risk of CVD, compared to HIV− individuals [35•] . For example, prehypertension (blood pressure of 120-139 mmHg) is associated with a larger increase in the risk of MI in HIV+ patients [36] . While all these findings highlight the importance of managing risk factors in PLWH, more recent data shows that the excess risk of CVD observed in this population remains significant even after adjusting for traditional risk factors [37] . Therefore, mechanisms other than traditional risk factors are thought to be involved in pathogenesis of CVD in PLWH.
Antiretroviral Therapy
ART is associated with metabolic abnormalities and therefore is considered as another possible contributing factor for the increased risk in CAD among HIV+ patients. ART is a combination of two nucleoside reverse transcriptase inhibitors (NRTIs) plus a protease inhibitor (PI), or integrase inhibitor, or non-nucleoside reverse transcriptase inhibitor (NNRTI) [2] .
Considering the known association of PIs with lipodystrophy [38] , several studies investigated the role of PIs in increased risk of CAD. The data collection on adverse events of anti-HIV drugs (D/A/D) study reported an increased risk of CAD with lifetime cumulative exposure to two PIs (indinavir and lopinavir/ritonavir (LPV-r)), but not saquinavir and nelfinavir [39] . A case-control study nested in the French Hospital Database on HIV (FHDH) cohort reported a statistically significant odds ratio of 1.15 (95% CI: 1.06-1.26) for MI associated with every year of exposure to any PI except saquinavir [33] . A meta-analysis of the CVD risk by different classes of ART conducted by Bavinger et al. [32• •] estimated a summary relative risk (sRR) of 2.1 (95% CI 1.1-4.3) for MI in patients with recent exposure to PIs based on two observational studies. They also found an increased risk of MI with each additional year of exposure to indinavir (sRR 1.11, 95% CI 1.05-1.17) and lopinavir (sRR 1.22, 95% CI 1.01-1.47).
Among NRTIs, abacavir (ABC) has been implicated in risk of cardiovascular events, but studies have reported conflicting results, especially when comparing cumulative exposure to recent exposure. The D/A/D study found an increased risk of MI associated with recent and cumulative exposure to ABC [39] , and a case-control study in a Québec's public health insurance database reported increased odds of MI associated with any exposure to ABC [40] . The case-control study nested in FHDH found no association with cumulative use of ABC but found a significant 2-fold increase in risk of MI for recent, short-term (<1 year) exposure to ABC [33] . A study using the Veterans Health Administration's Clinical Case Registry found a non-significant increased risk of MI and cerebrovascular with cumulative use of abacavir [41] , but two other studies conducted on veteran populations found an increased risk of cardiovascular events associated with current or recent exposure to ABC [42, 43] .
A meta-analysis by Bavinger et al. [32• •] estimated sRR of 1.92 (95% CI 1.5-2.4) for MI in those with recent exposure to ABC. However, this meta-analyses included observational studies (rather than randomized clinical trials), most of which were not designed to examine long-term outcomes and were too short or underpowered to look at cardiovascular risk. Since the study by Bavinger et al., a few observational studies have been published with similar results: (1) a Swiss cohort study found that exposure to ABC during the past 6 to 36 months increased risk, while both current exposure and exposure from more than 3 years ago did not modulate risk [44] ; (2) a Kaiser Permanent cohort study found that HIV+ patients who initiated with ABC were over two times as likely to experience CVD events than were patients who initiated without ABC, after adjusting for renal dysfunction or other CVD risk factors [45] ; (3) a study of HIV-infected US veterans found that current exposure to abacavir, efavirenz, lamivudine, or zidovudine increased risk of CVD events (OR range 1.40-1.53), and that 5 combinations of ART drugs, all of which included lamivudine, increased risk of having a CVD event [43] .
The studies mentioned above support the hypothesis that recent, short-term exposure to ABC may be associated with an increased cardiovascular event risk. In ART-naïve patients, significant immune activation and hypersensivity reactions resulted in induced T cell reactivity associated with initiation of abacavir [46] , which may be related to increased CVD risk during the first few months of ABC usage [47] .
Overall, more studies are required to further elucidate the role of ART in increased risk of CVD in PLWH. Specifically, studies need to be conducted on the mechanisms and timing of the presumable increased risks associated with some medications.
Paradigm Shift: From ART to Other Mechanisms
Despite the initial focus on ART as a possible mechanism for increased CVD risk in PLWH, the results of the Strategies for Management of Antiretroviral Therapy (SMART) study challenged that paradigm [48••] . This study randomized more than 5000 HIV+ participants on stable ART and with CD4 counts >350 cells/μL to either continued ART or interrupted/delayed treatment until CD4 dropped below 250 cells/μL, which is when ART would be resumed. The investigators found that those who interrupted or deferred ART had a 70% increased hazard of CVD compared to those who continued treatment. As reviewed by Siedner [49] , other non-randomized studies were also able to demonstrate increased risk of preclinical or clinical CVD among HIV+ patients with lower nadir CD4 counts [50] [51] [52] . In addition, recent large cohort studies found increased CVD risk among HIV-infected patients with low CD4 counts and/or current detectable HIV-1 viremia [53, 54] . These studies suggest that the early initiation of ART (consistent with current guidelines recommending to start ART independent of immune status), and sustained ART would lower CVD risk. Recently, a study of more than 4600 HIV+ patients found that initiating ART for patients with CD4 counts >500 cells/μL had less AIDS-related and non-AIDSrelated events than those who initiated ART when their CD4 count dropped below 350 cells/μL [55] . Although authors of this study found no significant difference in the risk of CVD between these two groups, the significantly higher risk of other serious events (particularly AIDS-related events) can be considered as a competing risk introducing bias in the estimation of CVD risk. In other words, the risk of CVD becomes relevant mainly when the risk of other AIDSrelated events is reduced by ART.
All these findings shifted the paradigm about the role of ART in pathogenesis of CVD and led to the consensus that despite the possible role of ART in pathogenesis of CVD, interruption or delay in ART would be more detrimental. In fact, early ART is arguably the most important step in preventing CVD. There are not enough data from randomized clinical trials on the benefit of intensification of ART in reducing the risk of CVD. One randomized placebo-controlled clinical trial showed that intensification of treatment with raltegravir in virologically suppressed HIV patients on ART did not improve endothelial function, hyperemic velocity, immune activation, or viral load, compared to placebo [56] .
Inflammation
The beneficial role of early ART and the increased risk of CVD and other comorbidities associated with ART interruption turned the attention of researchers to other plausible mechanisms, including chronic inflammation [24, 28•] , immunosenescence and accelerated aging [57] , potential damage from the initial HIV infection, endothelial dysfunction [25, 58] , and coinfections with CMV and HCV [59, 60] . Among these, chronic inflammation seems to be a key factor, especially with the increased knowledge of the involvement of general inflammation on CVD [61, 62] .
While ART reduces the amount of inflammation, even virologically suppressed patients remain at higher levels of inflammation than HIV− individuals [28•, 63] . The hallmarks of HIV infection in terms of immune activation are depletion and dysfunction of CD4 + T cells and chronic CD8 + T cell activation [64] . As reviewed by Longenecker et al. [65] , CD4 + T cell levels <500 cells/μL, high CD8 + cell counts, and lower CD4 + :CD8
+ ratio are associated with increased CVD risk. Amplified monocyte/macrophage-mediated inflammation and injury within atherosclerotic lesions due to HIV infection also increases CVD risk. In particular, increased activation of both intermediate/pro-inflammatory CD14 + /CD16 + and nonclassical/patrolling CD14 dim /CD16 + monocytes have been linked to increased CVD in HIV− individuals, after adjusting for traditional risk factors [65] .
Mechanisms of Inflammation in HIV
As illustrated in Fig. 1 , several mechanisms have been postulated to cause a persistent chronic inflammatory state among PLWH, including subclinical viremia, microbial translocation, and coinfections.
Subclinical Viremia Even among HIV+ patients on ART, there is low level of viremia (<75 copies/mL) [66] . Hunt et al. [67] demonstrated that although CD8 + T cell activation was highest among HIV+ patients not treated with ART, those undergoing ART still had higher levels than did HIV-negative individuals. In addition, HIV Elite Controllers, who are HIVpositive individuals who maintain undetectable HIV viral loads without ART, also have higher CD8 + T cell activation than do HIV-negative individuals, and their immune activation decreased upon treatment with ART [67] . Therefore, presence of low levels of HIV virus in PLWH appears to be one source of persistent inflammation.
Microbial Translocation Microbial translocation, or "leaky gut," occurs when the defense mechanisms of the gastrointestinal tract are impaired, allowing microbial products to traverse [68] . As shown in Fig. 1 , in PLWH, microbial translocation is enabled by (1) disrupted decreased tight junctions in gut and increased epithelial cell apoptosis [69] ; (2) loss of mucosal immunity, as demonstrated by decreased CD4 + T cells and T helper 17 (Th17) cells in the gut [70, 71] ; and (3) presence of the HIV virus itself in the gut, despite ART [72] . In vitro studies have shown that blood lipopolysaccharide (LPS) levels, a measure of bacteremia, induces tissue factor (TF, thromboplastin) expression in circulating monocytes, which in turn has been linked to elevated CD8 + T cell activation, D-dimer levels and elevated risk of thrombosis in in vivo studies [73] . Two studies have shown that microbial translocation persists but is attenuated under ART [74] and continues to be a source of inflammation.
Coinfections There is a high prevalence (>90%) of cytomegalovirus (CMV) infection among PLWH [75] , and CMV appears to be independently associated with increased immune response [76] . In a clinical trial, when HIV+ patients with CD <350 cells/μL on ART were treated with valganciclovir, which blocks asymptomatic CMV replication, immune activation significantly decreased compared to placebo and remained at a lower level following treatment (although this level did not get as low as that in HIV− individuals) [77] . In contrast, another trial using valacyclovir, a strong anti-herpes simplex virus (HSV) 1/2 medication with minimal anti-CMV effect, in HIV+ patients on ART, did not show significant difference in immune activation between treatment and placebo arms [78] . These two separate trials suggest that CMVspecific immune activation may play a role in the chronic persistent inflammation and possibly CVD risk in PLWH.
A recent study found that among virologically suppressed HIV+ individuals, coinfection with human herpesvirus 8 (HHV-8), a vasculotropic virus implicated in Kaposi's sarcoma pathogenesis, was significantly associated with higher levels of inflammatory markers, including high-sensitivity C-reactive protein (CRP), CD4/CD38/HLA-DR and CD8/ CD38/HLA-DR, after adjustment for traditional risk factors, HCV and herpes simplex virus type 2 (HSV-2) infection. However, flow-mediated dilatation and total carotid intimamedia thickness did not differ by HHV-8 serostatus [79] .
Biomarkers of Inflammation and CVD Risk in the Context of HIV Infection
Biomarkers of inflammation have provided an opportunity to study the underlying mechanisms involved in pathogenesis of CVD. Even after adjusting for traditional risk factors and HIVrelated risk factors and despite long-term ART, HIV+ individuals still have moderately elevated levels of inflammatory biomarkers compared to non-HIV-infected individuals [28•, 63] . Among HIV+ patients on ART, baseline levels of interleukin-6 (IL-6), soluble tissue necrosis factor α receptors I and II (sTNFαR-I & sTNFαR-II), soluble CD14 (sCD14), and D-dimer were all significantly associated with increased mortality and increased risk of MI and stroke [80] . Vos et al. recently published a systematic review of eight studies examining the link between pro-inflammatory markers and CVD (coronary heart disease, MI, stroke, and surrogate markers of CVD such as arterial stiffness and carotid intima-media thickness (CIMT)) among PLWH [81•] . CRP, IL-6 and D-dimer were the most frequently assessed (examined in four out of eight studies); and all three of these markers were associated with an increased CVD risk in three out of four studies, which is consistent with findings from general population-based studies. One study found that higher IL-6, D-dimer, and hsCRP levels were associated with greater risk of fatal CVD and greater risk of allcause mortality beyond 28 days after a non-fatal CVD event [82] .sCD14, despite being associated with increased mortality in HIV+ patients [83] , was not found to be associated with increased CVD risk in three studies [81•] . A total of 32 other markers were assessed less than three times [81•] . Although studies of inflammatory markers in relation to CIMT were too heterogeneous for a meta-analysis, the literature suggested no association between the markers studied and CIMT [81•] .
More recent studies have focused on the relationship between inflammatory markers and subclinical atherosclerosis. In the Multicenter AIDS Cohort Study (MACS), we recently reported that, when compared to HIV− men, HIV+ men had significantly higher levels of IL-6, intercellular adhesion molecular-1 (ICAM-1), CRP, and sTNFr I and II, and higher prevalence of non-calcified plaques determined through CTA imaging. In addition, among HIV+ men, increases in IL-6, ICAM-1, and sTNFαR I and II were associated with increased prevalence of coronary stenosis, and all of these but ICAM-1 were associated with greater coronary artery calcification score. These associations were independent of traditional CVD risk factors and HIV clinical factors [28•] . A recent study from MACS examining the association between biomarkers of monocyte activation and subclinical atherosclerosis found that soluble CD163 (sCD163) and sCD14, both biomarkers of monocyte activation, and monocyte chemoattractant protein (1) HIV-associated immune deficiency leading to coinfections with pathogens such as cytomegalovirus (CMV) and human herpesvirus-8 (HHV-8) that increase chronic inflammation; (2) subclinical viremia also leads to higher inflammation; (3) microbial translocation, or "leaky gut," characterized by decreased regulatory cells and mucosal immunity (lower Th17 and CD4+ cells), disrupted gut epithelial barrier (less tight junctions and higher endothelial cell (EC) apoptosis), and persistent presence of the HIV virus in the gut; and (4) toll-like receptor (TLR) 7 and 8 activation in macrophages and dendritic cells. Early initiation and sustained use of ART has been shown to decrease chronic inflammation in PLWH 1 (CCL2) were all significantly elevated in HIV+ men undergoing ART and were associated with atherosclerosis. Specifically, higher sCD163 levels were significantly associated with greater prevalence of coronary artery calcium, mixed plaque, and calcified plaque, while higher CCL2 levels were associated with greater extent of non-calcified plaques [84] .
However, most of these biomarkers of inflammation are predominantly released outside of the myocardium and may not represent a direct link between HIV infection and CVD. Only a few studies have looked at biomarkers secreted specifically by cardiovascular tissue. However, these biomarkers are not related to inflammation but are related to myocardial stress and are discussed further in the companion article published in the same issue of this journal [23] .
Further studies are needed to elucidate the exact role of inflammation in pathogenesis of CAD in HIV-infected patients, as well as in general population, and whether this is a causal relationship or mostly an association highlighting other underlying mechanisms. Nonetheless, biomarkers of inflammation have been consistently related to clinical and subclinical CAD in the context of HIV infection and can shed light on some specific inflammatory pathways involved and their interactions with some other pathways such as coagulation and fibrosis.
Anti-Inflammatory Medications
Due to the increasing evidence of the role of inflammation in pathogenesis of CVD, several trials have tried to target inflammation. However, there are not many large randomized clinical trials in this field. Moreover, the trials designed to study CVD as the primary outcome are even scarcer. Here, we summarize some of the ongoing studies examining the benefit of anti-inflammatory drugs on CVD risk in HIV-infected individuals.
Antiretroviral Therapy
ART is arguably the most important step in reducing the inflammation in HIV+ patients. As shown in SMART trial, interruptions in ART would enhance the inflammatory state [48••] . Early ART initiation may also decrease the immune activation [85] . Also, small studies have suggested that intensification of ART may decrease T cell activation and D-dimer but did not affect low-level viremia [86] . Large randomized trials are still needed to show the effect of early ART and ART intensification on CVD risk.
Aspirin and Non-steroidal Anti-Inflammatory Drugs
In an uncontrolled trial, 81 mg/day of aspirin for 1 week was shown to decrease platelet activation in both HIV+ and HIV− individuals in response to adenosine diphosphate, collagen, but not arachidonic acid, which remained elevated in HIV-infected group [87] . HIV+ subjects also had increased markers of T cell activation (CD38 and HLA-DR) and monocyte activation (sCD14) when compared to controls at baseline, and these levels decreased after 1 week of aspirin therapy [87] . A more recent double-blinded clinical trial randomized 121 HIV+ patients to receive 100 mg aspirin, 300 mg aspirin, or placebo for 12 weeks and followed them for 4 weeks after treatment was stopped (NCT02155985). Based on the information from clinicaltrials.gov, levels of sCD14 were not significantly different across the treatment arms [88] . Results on secondary outcomes such as IL-6, soluble CD163, D-dimer, T cell or monocyte activation, and flow-mediated dilatation (FMD, a marker of vascular function) have yet to be published [88] . Despite lack of studies directly studying the effect of aspirin in reducing CVD risk in PLWH, it is widely accepted that the same indications for use of aspirin in HIV-uninfected population should apply. However, studies have shown that aspirin is underutilized among PLWH [89, 90] . More studies are needed to develop specific criteria for use of aspirin in this population. Ongoing trials examining the anti-inflammatory effects and cardiovascular benefits of aspirin are presented in Table 1 . Some trials are testing the effects of the anticoagulant clopidogrel (NCT02578706, NCT02559414) in comparison to aspirin and the effects of atorvastatin against aspirin (NCT02081638).
Celecoxib is a cyclooxygenase type 2 (COX-2)-selective non-steroidal anti-inflammatory drug (NSAID) that is hypothesized to reduce chronic immune activation and dysfunctional T cells [91] . In a prospective open-label randomized exploratory trial of celecoxib on 31 HIV+ patients, reduced chronic immune activation was seen in the treatment group, as characterized by reduced CD38 density in CD8 + T cells, IgA levels, and a combined score for inflammatory markers. Other T cell-dependent functions were also improved [91] . However, even if larger studies confirm the antiinflammatory effects of celecoxib in PLWH, NSAIDs may not be considered for reducing the risk of CVD anytime soon.
Steroids and Other Anti-Inflammatory Drugs
A randomized clinical trial of prednisolone (5 mg/day) did not show any significant effect on the primary endpoint of HIV disease progression to AIDS but found significant decrease in immune activation and increase in CD4+ counts and viral load [92] . A selected list of the studies using anti-inflammatory medications, including other classes of medications with anti-inflammatory properties, which are designed to study CVD, is provided in Table 1 .
Methotrexate has been shown to have anti-inflammatory effects, and low doses (10-25 mg) have been used to treat rheumatoid arthritis (RA) for the past two decades. A phase I trial in HIV patients has been completed (NCT00000834), and a phase II trial of methotrexate in HIV patients is currently Only studies that included inflammatory markers as outcomes are included. hsCRP highly-sensitive C-reactive protein, CRP C-reactive protein, sCD14soluble CD14, sCD163 soluble CD163, IL-6 interleukin-6, FMD flow-mediated dilatation, sTNFR soluble tumor necrosis factor receptor, TNF tumor necrosis factor, MCP-1 monocyte chemotactic protein 1, sVCAM-1 soluble vascular cell adhesion molecule 1, IP-10 interferon gamma-induced protein 10, MMP-9 matrix metallopeptidase, TIMP-1 TIMP metallopeptidase inhibitor 1, PAI-1 plasminogen activator inhibitor-1, PET positron emission tomography, FDG fluorodeoxygenase, HLA-DR human leukocyte antigen-antigen D-related ongoing (NCT01949116). A phase II trial comparing antiplatelet activity of clopidogrel versus aspirin (NCT02559414) is currently ongoing and aims to measure inflammatory markers, immune activity, and endothelial function as secondary outcomes.
Other drugs currently being tested in phase II trials are canakinumab, an anti-IL1β antibody (NCT02272946); colchicine, an anti-inflammatory drug used to treat arthritis (NCT02624180); and pentoxifylline, an anti-inflammatory drug used to treat leg pain due in patients with leg thrombosis (NCT00796822).
Statins
Statins are lipid-lowering medications widely used for CVD prevention and are believed to have antiinflammatory effects independent of their lipidlowering properties [93] . The Stopping Atherosclerosis and Treating Unhealthy Bone with Rosuvastatin in HIV (SATURN-HIV) trial was a randomized, double-blind, placebo-controlled 96-week study designed to examine the effects of rosuvastatin (10 mg daily) on markers of CVD risk in HIV+ patients on ART [94] . After 24 weeks of rosuvastatin, there was a significant decrease in plasma levels of sCD14 and in proportions of tissue factor (TF)-positive patrolling monocytes in rosuvastatin arm compared to placebo [94] . More recently, SATURN investigators found less progression of common carotid artery intima-media thickness in HIV patients assigned to statin compared to placebo [95] . Several trials examining the anti-inflammatory effects and cardiovascular benefits of statins are currently ongoing for drugs such as atorvastatin, pravastatin, lovastatin, and rosuvastatin (Table 2) .
Antimicrobial Translocation
Multiple ongoing trials are currently investigating the effects of probiotics on microbial translocation and immune activation markers in the context of HIV infection (Table 2 ). Other ongoing studies that specifically target microbial translocation include drugs such as rifaximin, sevelamer, mesalamine, visbiome, teduglutide, fluarix, and isotretinoin (Table 2) . It is worth noting that the anti-inflammatory properties of many anti-inflammatory medications such as statins is likely mediated through mechanisms not related to gut integrity or microbial translocation. For example, rosuvastatin was found to reduce intestinal fatty acid-binding protein, a marker of enterocyte death, but not zonulin-1, a marker of gut epithelial cell function [96] . Therefore, by targeting a different pathway, AMT medications may provide an incremental value when added to other anti-inflammatory medications.
Clinical Considerations in Managing Cardiovascular Disease Risk in HIV-Infected Patients
As our knowledge of the increased risk of cardiovascular diseases in HIV-infected patients increases, there is a growing need for incorporating this knowledge into clinical practice. There are no available guidelines specific to PLWH; however, the scientific community is reaching some consensus in particular areas based on the available body of evidence. Here, we summarize some of the important considerations in clinical management of HIV infected patients.
Risk stratification With 1.5-to 2-fold increase in the risk of CAD, 1.8 times higher risk of HF, and 6-fold increase in risk of myocardial fibrosis, HIV infection should be considered as an important risk factor for CVD and this should be taken into account in our risk stratification scores. The increased risks of atherosclerosis in FRAM study [8] and increased risk of MI in Veterans [37] associated with HIV infection were similar to that of diabetes mellitus. This suggests that HIV infection should potentially be considered as a CAD equivalent. Furthermore, as mentioned above, traditional risk factors such as high blood pressure may have a different impact on HIV+ than HIV− individuals. This could affect the utility of general risk prediction models and may result in underestimation of CVD risk in PLWH [97] . A newly developed score developed for HIV+ patients, the DAD score, has added length of ART treatment and the exposure to certain drugs (abacavir, indinavir, lopinavir) to traditional risk factors. Three studies have compared Framingham risk scores (FRS) to the DAD score [98] [99] [100] , as well as to the FRS with aggravating factors [99] , Systematic Coronary Risk Evaluation (SCORE) [100] , and Prospective Cardiovascular Munster (PROCAM) score [99, 100] in HIV-infected individuals. Although results from these studies were inconsistent due to differences in study population characteristics, all three studies found fair to good agreement (range 32.5 to 77.4%) among these scores but mostly low (range −0.045 to 0.533) kappa values. All three studies found the DAD score to be the most accurate. However, the DAD score has not been validated in studies with long-term outcomes. A large risk estimation study of more than 11,000 PLWH followed for myocardial infarction found that inclusion of HIV-specific factors did not improve the performance of cardiovascular risk estimation equations. More studies are needed to devise appropriate management guidelines and develop risk prediction models that capture more HIV-specific risk factors.
Clinical considerations regarding ART Despite controversies around some of the medications used in ART, controlling HIV infection with early ART remain the most important therapeutic goal. However, the risk of CVD and other chronic diseases should be taken into account in making decisions about ART. If possible, it is wise to avoid protease inhibitors that are associated with lipid abnormalities, such as lopinavir/ ritonavir. In patients who are already virologically suppressed on these PIs and have lipid abnormalities, consider switching to integrase inhibitors or NNRTIs-taking into careful consideration any potential drug interactions and/or resistance patterns in the individual patient per current ART guidelines. Also, given the controversies around abacavir, this drug should be used cautiously in those with higher CVD risk. In particular, given that the significant initial immune activation associated with abacavir increases the risk [46, 47] , it is recommended to avoid abacavir in treatment naive patients with significant CVD risk factors.
Management of traditional risk factors
We recommend intensive management of traditional risk factors. This includes lifestyle modifications (such as diet and physical activity), smoking cessation, and monitoring and treatment of high blood glucose and high blood pressure. Given that microbial translocation or "leaky gut" syndrome is considered an important contributor to the inflammatory state in these patients, diet is of particular importance [101] . Although no current nutritional guidelines exist for PLWH, in HIV-uninfected patients with CVD, there is increasing data suggesting the beneficial effect of some dietary modifications, such as plant-based or vegetarian diets, in decreasing the endothelial damage and inflammation [102] [103] [104] . More studies are needed to identify ideal nutritional guidelines and assess the clinical implications of these types of more intensive lifestyle intervention strategies in PLWH. Also, as mentioned above, even mild elevation in blood pressure (prehypertension) is associated with increased CVD risk in HIV+ population. Therefore, both prehypertension and clinical hypertension should be aggressively managed in these patients. It is also recommended to check fasting blood glucose and hemoglobin A1C at baseline, 1-3 months after initiation of a new regimen, and every 3-6 months thereafter.
Treatment of dyslipidemia Serum lipid panel is recommended to be monitored regularly in PLWH, particularly at baseline and after initiation of a new regimen. Guidelines for management of dyslipidemia in HIV+ patients published in 2003 [105] recommend following NCEP ATP III guideline with particular attention to drug interactions and virologic control of HIV infection. These guidelines recommend that, when medication becomes necessary, statins are recommended for elevated LDL cholesterol levels or elevated non-HDL cholesterol in patients with triglyceride level of 200-500 mg/ dL, and fenofibrate and gemfibrozil are recommended for those with triglyceride levels greater than 500 mg/dL. Fibrates are a good choice due to lack of significant interaction with ART medications. When statins are indicated, generally atorvastatin or rosuvastatin can be considered, except in those on lopinavir/ritonavir for whom pitavastatin is the statin of choice (due to least drug interaction). The National Lipid Association (NLA) recommendations for patient-centered management of dyslipidemia in 2015 [106] states that HIV patients with dyslipidemia should be treated similarly to the general population, but that HIV should be considered as an additional major risk factor for atherosclerotic cardiovascular disease in their risk stratification guidelines. However, some studies have suggested that these guidelines may need to be modified for HIV-infected population. For example, Zanni et al. showed that based on 2013 ACC/AHA guidelines, statin therapy was not recommended for more than 74% of HIV+ participants with high-risk coronary plaque on CT angiography [107] . Nonetheless, as concluded by the NLA guidelines [106] , there has not been enough research to develop comprehensive data-driven guidelines and validated risk stratification strategies for HIV patients.
Conclusions
PLWH are at higher risk of clinical and subclinical CAD. Among different mechanisms suggested for this increased risk, chronic persistent inflammation appears to play an important role. Possible mechanisms for this inflammation include subclinical viremia, microbial translocation, and coinfection with other pathogens such as cytomegalovirus. Although inflammatory biomarkers have been consistently associated with increased CAD risk, their independent prognostic value is unknown. We recommend early ART and intensive management of traditional risk factors in HIV+ patients. Also, HIV infection should be considered as an important risk factor for CAD in risk estimations. Recent and ongoing trials are exploring the benefits of anti-inflammatory drugs, statins, and antimicrobial translocation drugs on both inflammation and CVD risk among PLWH.
